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CHAPTER 3  
 
 
EXPERIMENTAL WORK AND OPTIMIZATION MODELLING 
 
 
3.1 INTRODUCTION 
 
This chapter presents the details of experimental work as well as methodology 
adopted for modelling and multi-objective optimization. The selected materials and 
machining parameters (process parameters and performance parameters) are also 
presented. The preparations of TiO2 nanofluid and properties determination are 
described. The application of response surface methodology for developing 
mathematical models and analysis of variances are explored. The subsequent sections of 
the chapter are laid out to include the design of experiments and the experimental setup, 
including the methods of performance’s measurement. Multi-objective optimization 
technique used for data analysis is described in detail.  
 
3.2 FLOWCHART OF THE STUDY 
 
The flowchart of the study for the experimental set up, machining and analysis is 
presented in Figure 3.1. This flowchart shows a plan of experimental and analytical 
activities for different machining conditions. These activities include machine and 
equipment set-up, end milling machining experiments, preparation and use of 
nanofluids, measurements of machining performance parameters, analysis of 
experimental results, modelling and multi-objective optimization.  
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Figure 3.1: Flowchart of the study  
 
3.3 MATERIALS 
 
3.3.1 Workpiece Material 
 
Aluminium alloy AA6061-T6 is selected as a workpiece material due to 
excellent mechanical properties and corrosion resistance (Rahmati et al., 2014). 
Conflicting views about the cooling conditions for the alloy are observed in literature 
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(Tosun and Huseyinoglu, 2010; Ariff et al., 2013). The alloy compositions as well as 
physical, mechanical and thermal properties are listed in Table 3.1 and Table 3.2. 
Hardness of the workpiece material is 107 HV while modulus of elasticity and ultimate 
tensile strength are 68.9 GPa and 310 MPa, respectively. Density of the workpiece 
material is measured as 2712 kg/m3. The measured alloy composition conforms to the 
composition of the AA6061-T6 i.e. aluminium as well as the alloying elements are 
within the recommended range of ASM standard composition (ASM, 1990). Workpiece 
dimensions are 100 × 100 × 30 mm (Figure 3.2). Alloy composition is recorded using a 
spectrometer (Foundary-Master type, Oxford Instruments, Inc.) for three random 
samples at three different places each and weight % obtained is average of the nine 
samples. Slot machining is performed to obtain the experimental data on the workpiece. 
Machining slot features are considered difficult due to the full engagement of the 
cutting tool with the workpiece material (Dhokia et al., 2012). Blank workpiece, 
machined workpiece as well as machining pattern on a single workpiece is shown in 
Figure 3.2. 
 
Table 3.1: The alloy composition of AA6061-T6. 
 
Component (wt %) Al Si Mn Mg Ti Zn Fe Balance 
Measured 97.6 0.71 0.13 0.8 0.03 0.05 0.25 Cr, V, Cu, 
Others 
ASM (ASM, 1990) 95.8-
98.6 
0.4-
0.8 
Max. 
0.15 
0.8-
1.2 
Max. 
0.15 
Max. 
0.25 
Max. 
0.7 
Cr, Cu, 
Others 
 
 
Table 3.2: Physical, thermal and mechanical properties of AA6061-T6. 
 
 
3.3.2 Cutting Fluids 
 
Three cutting environments including flooded (wet) cooling, conventional (oil-
based) MQL and water-based nanofluid-MQL conditions are considered in the study. 
Properties Value Properties Value 
Hardness, vickers  107 Density, kg/m3 2712 
Modulus of elasticity (GPa) 68.9 Melting point, °C 582 
Ultimate tensile strength (MPa) 310 Fracture toughness (MPa-m1/2) 29 
Tensile yield strength (MPa) 276 Machinability, % 50 
Elongation at break, % 17 Shear strength (GPa) 207 
Thermal conductivity, W/m-K 167 Specific heat capacity, J/g-°C 0.896 
